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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS

~~~~~~~~~~ CUSTOM HOUSE- 20  C CHESTNUT STREETS
PHILADELPHIA. PENNSYLVANIA 10105

IN ~ (PLY R~~~E~ TO

NA.PEN—D

Honorable Brendan T. Byrne 2 8 ~~p 1q78
Governor of New Jersey
Trenton, New Jersey 08621

Dear Governor Byrne :

Inclosed is the Phase I Inspection Report for River Wall Dma in Paanaic
County, New Jersey which has been prepared under authorization of the
Dma Inspection Act , Public Law 92—367 . A brief assesseent of the daa ’ s
condition is given in the front of the report .

Based on visual inspect ion , available records , calculations and past
operational performance , River Wall Dee, a high hazard potential structure,
is j udged to be in good overall condition . This dam is a non—overflow
ancillary structure to Charlotteburg Dam (NJ00316). River Wall Dam
is hydraulically adequate since it will not be overtopped by the Probable
Maximum Flood (I’MF). To insure adequacy of the concrete structure,
the follo~u1ng actions as a minimum, are reco ended :

a. Within three months fro, the date of approval of this report,
engineering investigations and stud ies should be undertaken by a qualified ,
professional consultant , engaged by the oimez , to determine the cause of
the monolith misalignment , joint leakage and establish the foundation
soil strength parameters. These parameters should be used to perform
a stability analysis at the most cr itical point s along the ‘wall. Tb...
investigations and studies should be caupleted within six months frau
their initiation and corrective measures, if required , should be caspl.ted
within calendar year 1979.

b. The o~~er should initiate th. following programs within three
months frau the date of approval of this report.

(1) An annual inspect ion of the dam utilizing a visual check
list similar to that used in this inspect ion report.

(2) Set up a maintenance schedule and log all visits to the dam
for operation , repairs and maintenance.
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NAPEN-D
Honorable Brendan T. Byrne

(3) Survey seepage and leakage at monoliths and monolith joints.

(4) Surveys of concrete surfaces f or surface deterioration and/or
cracking.

(5) Remove all brush and scrub trees at the riverward face of the
wall and replace with suitable ground cover , to prevent undermining of
the wall footing .

A copy of the report is being furnished to Mr. Dirk C. Hofaan ,
New Jersey Department of Environaental Protection , the designated
State Office contact for this program . Within five days of the date of
this letter , a copy will also be sent to Congressman Rober t A. Roe
of the Eighth District • Under the provisions of the Freedom of Information
Act , the inspection report will be subj ect to release by this office ,
upon request five days after the date of this letter .

Additional copies of this report may be obtained from the National
Technical Informat ion Services (NTIS) , Springfield , Virginia , 22161
at a reasonable cost • Pleas. allow four to six weeks from the date
of this letter for NTIS to have copies of the report available .

An important aspect of the Darn Safety Program will be the implementation
of the recommendations made as a result of the inspection . We accordingly
request tha t we be advised of proposed actions taken by the State to
implement our recommendations.

Sincerely yours ,

1 m d  
-‘ JAMES C. ‘ TON”

As stated Colonel, Corps of Engineers
District Engineer

Cy furn:
Mr. Dirk C. Hofman , P.E., Deputy Director ~~~~~Division of Water Resources NTtS White Sectim ~N.J. Dept . of Enviroiaental Protection DDC Buff SectionP.O. Box 2809 UNANNOUNC ED 0Trenton , NJ 08625 

.

O I ~J1IDlI/AYAI1ARItJIY ~Q(S
Dist. AVAIL anh/or $PWIAL
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RIVER WALL DAN (NJ00547)

CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

This dam was inspected on 1 and 6 May and 3 August 1978 by Harris-Ed under
contract to the State of New Jersey. The state , under agreement with the
U.S. Army Engineer District, Philadelphia, had this inspection performed in
accordance with the National Darn Inspection Act, Public Law 92—367.

The River Wall Darn , a high hazard potential structure , is judged to be
in good overall condition. This dam is a non-overflow ancillary structure
to Charlotteburg Darn (NJ00316). River Wall Dam is hydraulically adequate
since it will not be overtopped by the Probable Maximum Flood (PM?). To
insure adequacy of the concrete structure, the following actions as a
minimum, are recommended :

a Within three months from the date of approval of this report,
engineering investigations and studies should be undertaken by a qualified ,
professional consul tant, engaged by the owner , to determine the cause of
the monolith misalignment , joint leakage and establish the foundation
soil strength parameters. These parameters should be used to perform
a stability analysis at the most critical points along the wall. These
investigations and studies should be completed within six months from
their initiation and corrective measures, if required , should be completed
within calendar year 1979.

b. The owner should initiate the following programs within three
months from the date of approval of this report .

(1) An annual inspection of the darn utilizing a visual check
list similar to tha t used in this inspection report.

(2) Set up a ma intenance schedule and log all visits to the dam
for operation, repairs and maintenance.

(3) Survey seepage and leakage at monoliths and monolith joints.

(4) Surveys of concrete surfaces for surface deterioration and/or
cracking.

(5) Remove all brush and scrub trees at the riverward face of the
wall and replace with suitable ground cover, to prevent undermining of
the wall footing.

DATE: f (24 /f ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Colonel , CoI~p of Engineers
District Engineer
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: River Wal l Dam, I.D, NJ 00547
State Loca ted: New Jerse y
County Loca ted: Passa ic
Stream: Pequannock Ri ver
Date of Inspection: May 1 and 6, and August 3, 1978

Assessment of General Condition of Dam

The general condition of the River Wall Dam is good. The River Wall

Dam is a non-overflow structure ancillary to Charlotteburg Dam,

NJ 00316, whi ch has the spi l lwa y and outle t works for the res ervo ir
system. The Charlotteburg Dam will pass the Probable Maximum Flood

(PMF) -Spillway Design Flood (SDF).

The stability of the River Wall Dam is good. The major condition
requ iring act ion i s the monol ith ver tical joint leaka ge at approx imate
Sta. 16 + 60. The cause of this leakage should be determined and corrected.
In addition , there is a horizontal mi salignment of the river wall in the
direction away from the reservoir at the approximate location of the joint
leakage. The available engineering data for the foundation soils is in-
adequate to permit assessment of the dam stability.

It is reconinended that a study be under taken to determ ine the cause of
horizontal misalignment and to find out if there is any correlation between
the misalignment and the joint leakage. This study should be completed
within 6 months and corrective measures, if required , completed wi thin one
year.
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In addit ion, a study sould be undertaken by the owner to establish
the foundation soil strength parameters. This study should be accom-
pu shed wi thin 6 months. These parameters should be used to perform
or check if original data is found, a stab i li ty analysis at the mos t
critical point along the wall as determined from the plans.

~a~bRober t Gershowt tz , P.E.
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PHASE I REPORT
NATIOi~ L DAM SAFETY PROGRAM

RIVER WALL DAM , I.D, NJ 00547

S E C T I O N  1

1. PROJECT INFORMATION

1.1 General

a. Authority
The Dam Inspection Act, Public Law 92-367 of August 1972 authori zes
the Secretary of the Army, through the Corps of Engineers to initiate
a National Program of Dam Inspections. Inspections for the River Wall
Dam were carried out under Contract DACW61-78-C-0100 to the Department
of the Army, Philadelphia District, Corps of Engineers , by the engi-
neering firm of Harris-ECI Associates of Woodbridge, New Jersey.

b. Purpose of Inspection
The purpose of the inspection and evaluation is to identify conditions
which threaten the public safety and thus permit the correction of the
conditions in a timely manner by the owners.

1.2 Description of Project

a. General Description of Dam and Appurtenances
The River Wall Dam, whose rr~in impounding structure is Charlotteburg
Dam, NJ 00316 for which an inspec tion repor t has been prev ious ly Issued ,
Is loca ted at the nor theastern reac h of the Char lo ttebur g Reservo ir.
River Wall Dam Is 2,020-ft. long and has a maximum height of 26 feet.
The northwesterly 420 ft. of the wall is of precast concrete crib units,
backfllled with granular material ; the remaining 1 ,600 ft. is .i cast-in-
place concrete gravity wall. The wall which fol lows the alignment of

_~i~I ~~~~~~~~~~



the New York Susque hanna and Wes tern Ra il roa d connec ts into a roc k
fill embankment at the western end and into the existing slope at the
eastern end.

The top of the gravity wall is 18-inch wi de, with a slope on the river
side of 1 horizontal on 6 vertical , on the north side the slope is 1
horizontal on 2 vertical. The crib wall is 6-ft. wide wi th a river side
slope of 1 horizontal on 6 vertical. The embankmen t behind the cribwall
has a top width of 8 ft., with a back slope of 1.5 horizontal on 1 ver-
tical down to a swale.

The swale is connected to a stone drainage ditch that runs the entire
length behind the gravity wall and empties into a natu ral ditch at the
intersection of the railroad and the Old Hamburg Turnpike. The ground
on the riverward side is protected by a combination of heavy vegetation
and an impervious blanket. The impervious blanket has been placed
approximately between Sta. 8 + 60 and Sta. 15 + 00 and is covered wi th
12 inches of gravel and 18 inches of riprap. The blanket covers the area
where the existing river channel was filled in.

The River Wall Dam is founded on silty soil and fine sand. The reser-
voir created by the Charlotteburg Dam, I.D, NJ 00316, is “U’ shaped ,
and covers 350 acres. Its maximum depth is 80 feet, and the impounded
volume is 2.9 billion gallons or 8,950 acre-feet derived from a drainage
area of 56.3 square mi les.

The reservoir rim slopes are generally mildly to moderately sloping
with no apparent sloughing or slumping. The soil cover is relatively
s hal low underla in by competent rock forma tions cov ere d by dec iduous
trees. Ri ver Wall Dam lies downstream of another reservoir on the

Pequannock Ri ver, Oak Ridge and is also fed by waters of Clinton Reser-
voir on Clinton Brook and by Canistear Reservoir on Pacock Brook. Down-

4 stream of Charlotteburg Reservoir , the Pequannock is impounded at
Maco pi n Dam. A l l these reservo irs ar e part of the City of Newark Water

t Supply System.

2 
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b . Loca tion
R iver Wal l Dam i s loca ted on the Pequannoc k River in Passa ic Coun ty,
New Jersey, anproximately 12 miles upstream from its confluence with
the Pompton River and approximately 6 miles upstream of Butler, New
Jersey, the neares t downs tream popula tion cen ter. Pequanno ck River is
part of the greater Passaic River Basin. The reservoir is adjacent
to State Route 23.

c. Classification
According to the “Reconii~ended Guidelines for Safety Inspection” by the
U.S. Department of the Army, Office of the Chief of Engineers , the dam
is classifi ed as Smal l based on its height which is less than 40 feet.
It is classified as being Intermediate in size on the basis of its
reservoi r vol ume which is greater than 1,000 acre-feet but less than
50,000 acre-feet. The overall size classification is governed by the
larger of these two determinations, and accordingly, the River Wal l is
classified as being Intermediate in size.

ci. Hazard Classification
The dam has not been previously classifi ed in the National Inventory
of Dams maintained by the Corps of Engineers . On the basis of the visual
inspection , the hazard potential is considered high for the fol l owing
reasons :

1. The dam is founded on a pervious and erod ib le
foundation and the impounded storage volume above
its foundati on grade is significant.

2. In case of the failure of the River Wall Dam,
water in the Charlotteburg Reservoir would fl ow
out and rejoin the Pequannock R iver Channel
downstream of Charlotteburg Dam. Significant
damage could occur to the water treatment

3



facility belonging to the City of Newark
loca ted within a half mi le downs tream of
the dam.

The community of Butler would also suffer signifi cant comunity damages
and poss ible high loss of life by the released reservo i r waters in case
of dam fa i lure. -

e. Ownership
The dam and reservoir are owned by the City of Newark.

f. Purpose of Dar
River Wall was bui l t as a closure dam for the Charlo ttebur g Reservo i r,
and to avoid inundation of railroad trackage originally belonging to N.Y.
Susquehanna and Western Railroad. This trackage is not currently in ac-
tive use.

g. Des ign and Cons truct ion H istory
The dam was designed for the City of Newark by the pri vate engineering
firm of Parsons , Brinkerhoff , Hall , and MacDonald, New York , New York , in

the period 1957-1958. Construction started in 1959 and the dam was put
into service in 1961.

h. Normal Operational Procedure
There is no operational procedure at the Ri ver Wall Dam but the proce-
dure at the Charlotteburg Dam is as follows :

The pur pose of the dam i s to store water for su bsequen t trea tment and
use by the City of Newark. On the May 3 inspection date , 82 million gallons

per day were being drawn off for this use. Normally, the reservoir level

is kept at a level designed to capture the maximum volume of water from

the Pequannock River. Normall y, the 5-ft high bascule gates are kept
closed above the fixed concrete spiliway crest at elevation of 738.0

4 
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above M.S.L., so that the top of the bascule gate extends up to
elevation 743.0. With increasing flood waters , the gate is
automatically lowered, so that the reservoir level remains between
743.5 and 744.0 until discharges reach 11 ,000 cubic feet per second.
At 11,000 cfs, the bascule gate is completely lowered automatically,
and rests on the fixed concrete spillway forming a smooth ogee shaped
crest profile. During the summer low fl ow periods , the reservoir level
is drawn down according to the water needs of the Newark Water Supply
System, and can be down as muc h as 8 to 10 feet below top of gate
level for extended periods of time. Water level records are recorded

and kept; currently being recorded manuall y from a staff gage on the

le ft abu tment. A rev iew of the record ed reservo i r water leve ls for
the sampl e year 1971, show that the water level did not exceed
743.30 at any time . The sample year 1971 included the extratropical
storm Doria , a significant storm event in Passaic County . The amount
of water being discharged over the spillway at Charl otteburg is not
being recorded. Stream gaging records are available at the U.S.G.S.

gage at Macopin Dam some 1.3 miles downstream of the Charlotteburg

Reservoir.

1.3 Pertinent Data

a. Dra inage Areas
At Charlotteburg Dam axis , drainage area is 56.3 square miles .

b. Discharge at Charlotteburg Dam Site :
Maximum known flood at dam site: 5,850 cfs on October 10, 1903.

Warm water outlet at pool eleva ti on: NA

•1
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Divers ion tunnel low pool out let
at pool eleva ti on: NA

Diversion tunnel outlet at pool
elevation : NA

Gated spillway capacity at pool 743; capacity 5,600 cfs
elevation (charlotteburg Dam) : 744; capacity 11,000 cfs

Gated spillway capacity at
maximum pool elevation (Char- 747 .2; capacity 20,500 cfs
lotteburg Dam):

Ungated spillway capacity at
max imum pool eleva tion: NA

Total spillway capacity at
maximum pool elevation (Char- 747.2; capacity 20,500 cfs
lotteburg Dam):

c. Elevation (feet above MSL)
Top of Dam (Charlotteburg Dam): 750.0

Max imum floo d control pool : NA

Full flood control pool : Elevation 743 (elev. of gate lip)

Recrea tion pool : NA

Spillway crest (gated), Elevation 738 (bascule gate in fully
(C harlo ttebur g Dam): l owere d pos iti on)

Upstream portal inver t  diversion
tunnel: NA

Downstream portal invert
d ivers ion tunnel : NA

6
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Streambed at centerline of dam: Not applicable , River Wal l Dam runs
paral le l  to relocated channel of
Pequannock River . The foundation
grade varies from Elev. 743 to
Elev . 728

Maximum tailwater: Not applicable , River Wall Dam is
a non-overfl ow structure

d. Reservoir
Length of maximum pool : 12,730 feet

• Length of recreation pool : NA
Length of flood control pool : NA

e. Storage (acre-feet)
Recreation pool : NA
Flood control pool : NA
Design surcharge : Elevati on 747; (storage 10,400 AF)
Top of dam (Charlotteburg Dam) : Elevati on 750; (storage 11,500 AF)

f. Reservoi r Surface (acres)
Top of Dam (Charlotteburg Dam): Elevation 750;(area 575 acres)
Maximum pool: Elevati on 748;(area = 450 acres)

• 
Flood-control pool : NA
Recrea tion pool : NA
SpiIlway crest (Charlotteburg Elevation 738 (area = 312 acres)

Dam) :

g. Dam (River Wall)
• Type: Gravity concrete/crib wall

Length: 2,020 feet
Height: 26 feet maximum
Top width: 18-inch gravity concrete
Side slo pes ,Upstrearn : 1.0 H on 2.0 V

Downstrearn(Riverward): 1.0 H on 6.0 V
3 Top of dam : Elevation 750.0

7 
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Zon ing : NA
Imperv ious core: NA
Cutoff: NA
Grout curtain: NA

h. Diversion and Regulating Tunnel
Type: NA
Length: NA
Closure : NA
Access: NA
Regulating Facilities NA

i. Spillway (Not applicable, dam is non-overfl ow; data is
given for Charlotteburg Dam, the main impound-
ing structure)

Type: Concr ete ogee surmou n ted by bascule
gate

Length of weir: 200 feet
Crest elevation : 738.0
Gates: 200-ftIong x 5-ft wide, single leaf
U.S. Channel : NA bascule
D/S Channel: Stilling basin

8
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j. Regulating Outlets (Not applicabl e for River Wall Dam. Data
is given for Charlotteburg Dam, the main
impounding structure)

• Bypass Outlet: 48-inch

Controls: 48-in, square slide-gate , electrically
- operated from floor elevation 750.5

Emergency gate: 48-in, square Broome gate with lifting
beam placed with aid of crane located
above operating floor, elevation
750.5

Outlet: 30 in. hollow cone valve discharging
into stilling basin through left
stilling bas in wall; centerline
elevation of the pipe is 677 at the
upstream end and 675.5 at the dischar-
ing hollow cone valve

• Raw Water Conduit: Twin 48-in, diameter passages
converging into a single 54—in.
diameter pi pe

Controls: 30-in, diameter cone valve and 48—in.
square sl ide gate on each 48-in. dia.
pass

Emergency gate: Same Broome gate used for 48-in, by-
pass line (One Broome gate for three
passages)

Outlet: 54-in, diameter line to water treatment
plant

1 
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S E C T I O N  2

2. ENGINEERING DATA

2.1 Design

A complete set of as-built drawings exists for River Wall Dam showing
in detail all the pertinent features on wh ich a safety eval uation can
be based on.

In addition to the contract plans, a “Memorandum of Design of Charlotte-
burg Dam” dated December 3, 1957, exists and is available, describing
the derivation of the spiliway design flood.

2.2 Construction

The only available data on constructi on uncovered for this report are
the reports in the files of the N.J. Department of Environmental Pro-
tection (NJ-DEP) relating to the quality of the foundation. The River
Wal l , according to the report, is founded on materials of a “sound
nature” consisting of large boulders, var ious s i zed stones , and a silty
soil mixed wi th fine sand materials.

2.3 Operation

There is no operational procedure for the River Wall Dam , but the pro-
cedure at the Charlotteburg Dam directly affects the water level at the
wall. The fol lowing i s the procedure at the Charlot teburg Dam:

Y
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Daily records are kept of the water level behind the dam. The recording
device at the time of the inspecti on visit was not operati ng and water
levels were read from a staff gage on the left abutment. Rainfall amounts
at the dam site are also recorded on a da ily bas is.

The operation of the dam is based on keep ing the reservoir at a level
designed to capture the maximum vol ume of water. The automatic operation
of the bascule gate limi ts the level of the reservoir , and an inspecti on
of the water level records , for a sample year 1971, showed that a pool
elevation of 743.3 was not exceeded during the year. Typically, 82 mgd
of raw water is being withdrawn from the reservoir for water supply use
for the City of Newark.

The Charlotteburg Reservo ir receives water from the Pequannock River and
its tributaries. There is another reservoir upstream of Charlotteburg
Dam on the main stem of the Pequannock River , at Oak Ridge, at elevation
852.5 , having a drainage area of 21. 7 square miles ,a storageof 12,000 AF
and a reservoir water surface area of 482 acres. A reservoir exists
on Pacock Brook , a tributary of the Pequannoc k River flowing into it
some 3 miles above the Charl otteburg dam axis , at elevation 997.5 wi th
a drainage area of 10.5 square miles , a storage capacity of 10,800 AF

and a lake su, -~~ce of 423 acres . Charlotteburg Reservoi r can draw water
from Echo Lake Reservo ir on the Macop in Creek at eleva ti on 902, having
a drainage area of 4.6 square mi les, a storage capacity of 4,850 AF,
and a water surface area of 280 acres. The overflow water from Echo
Lake Reservo ir howeve r, flows into Macopin Brook downstream of the
Charlotteburg Dam ax is.

11



During the dry summer months , the wa ter supply demand depletes the re-
servoir , and pool level s 8 to 10 feet below the crest are not uncommon
according to the operators .

2.4 Evaluation

a. Availability
The availability of engineering data wi th the exception of the foundation
soil strength parameters has been adequate to assess the safety of the
structure for the Phase I inspecti on.

A check list of engineering construction and maintenance data is included
in Appendix A.

b. Adequacy
The eng ineering data assembled is considered adequate, wi th the exception
of the foundation soi l data.

— c. Validity
There is no reason to suspect that the engineering data acquired is not
valid or representative of the dam as it stands. We have checked the
contract plans visually with what is actually built and cannot detect
any significant deviati ons without a full scale detailed as built survey.

• - - — - 
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S E C T I O N  3

3. VISUAL INSPECTION

3.1 Findings

a. General
This dam and its appurtenances are in good condition having been de-
signed according to modern criteria and controls, being of relatively
recent construc tion, and being attended to, all year round.

b. River Wall

1. Seepage and Leakage
No seepage or leakage could be detected at the toe of the river wal l
because of backfill at the toe. The concrete gravity section shows
some evidence of minor seepage through shrinkage cracks located approx-
imately in the middle of the monol iths from Sta . 13 + 00 to Sta . 18 + 60.
The seepage areas were dry, but minera l deposits coat the wall at the
cra cks.

On the date of the first inspection , when the water level was at 741.5 ,
minor leakage was observed at ground level at the vertical joint,
Sta. 16 + 60±. The leakage was from a 3 in. x 6 in. x 3 in. deep hole
at the joint (see Photo 12). During the second inspection wi th the
water level at 731.5, there was not any leakage observed. This leakage
should be checked and stopped.

2. Structural Crack ing
There is no v i s ib le ev idence of struc tural crack ing.

13
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3. Monol ith Joints
All vertical monolith joints are beveled and clearly formed with no
signs of spalling.

4. Horizontal Al ignment
At approximate Sta. 16 + 50±, there is a hori zontal misalignment of
the river wall in the direction away from the reservoir.which can be
detected by sighting along the top of wall. This misalignment is at
approximately the same location as the joint l eakage. The origin of
this misalignment should be investigated to determi ne if this condition
and the monolith joint leakage are related.

5. Cri b Wall
The crib wall is in good condition with some slight settl ement in a few
places evident by the closing of the vertical joints at the top of the
wall. There is some minor erosion along the back of the top stretcher
and the embankment. The embankment is in good condition , covered with
a heavy vegetation growth. The connections of crib wall to the rock
fill at the eastern end and the gravity wal l at western end were in
good condition.

6. Foundation
The river wal l is founded on sands and gravels and mi xed with silt in
some locations. Between Sta. 8 + 50 to 15 + 00, an impervious blanket
covered with 12 inches of gravel and 18 inches of riprap was placed to
prevent seepage under the wall in that area . The riprap remains in
good condition with only some scattering of material at the eastern end.

7. Concrete Surfaces
The concrete surfaces on both sides of the river wall appear well formed
and al igned. The surface on the riverward side of the wall is good wi th
less than one percent of local concrete popoff areas over 3-inch aggregate
pieces nea r the high water mark, due to the scouring effect of the water.-

~~~~~~~~~~~~~~ 
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The north side of the wal l has some isolated areas of mi nor spalling.

8. Review of the Geological Setting
The general geologica l setting is shown on Drawing 10, see Plates.
The river wall structure is founded on sands and gravels. No seepage
through the foundation materials was observed .

The relatively steep hills along the reservoir show no sign of major
instability probl ems. The steeply dipping metamorphic rocks are
favorably oriented against major slides although toppl i ng-type fail-
ure of joint-defined blocks may occur.

c. Appurtenance Structures - None

d. Reservoir Area

The reservoir rim -is generally gentle to moderately sloping , up to
about 4 feet above normal max imum pool level , and moderately steeply
sloping above that. The rim of the reservoir is lightly vegetated
w i t h  deciduous trees on a relatively shal l ow soil cover underlain by
competent rock formations. The normal high water reservoir line is
clearly discernable at approximately elevation 743.5 ± 0.25.

The sedimentation in the reservoir is said to be light because of the
upstream reservoirs (Canistear , Echo Lake, Clinton and Oak Ridge) which
intercept and detain the run-off from the Peq iannock River and its
tributaries. 
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3.2 Evaluation

The visual inspection revealed that the dam and appurtenances are in
overall good condition. Conditions which affect the dam’ s safety are

listed below:

1. Horizontal Misalignment:
Check misalignment at approximate Sta . 16 + SO.
Determine cause.

2. Monolith Joint Leakage:

Check and correct monolith joint leakage at
approximate Sta. 16 + 60. Determi ne if there is
any correlation between the joint leakage and the
hon zontal mi salignment.

The visual inspection check list is included in Appendix A.

Photographs taken during the site inspection are included in Appendix B.

L
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S E C T I O N  4

4. OPERATIONAL PROCEDURES

4.1 Procedures

Charlotteburg and River Wall Dams were built to increase the firm yield
of the Pequannock River basin for water supply purposes and to improve
the water quality before it enters the Pequannock Aqueduct. The exist-
ing impoundments , prior to construction of Chanlotteburg Dam, did not
have the proper impounding capacity in relation to the size of their
drainage areas. As a result , water was wasted over the Macopin Dam
before the reservoirs upstream were filled. Water from the existing
dams was transmitted to the Mac opin Dam in open channels , with the re-
suit that the water quality in the Macopin reservoir was poorer than
that on the upstream reservoirs. With the construction of Charlotteburg
Dam and the River Wall a properly sized impoundment was installed to
capture as much water as possible from the Pequannock watershed. The
water quality was maintained by extending the Pequannock Aqueduct up-
stream from Macopi n Dam to Charlotteburg Dam and interposing a screeni ng
chamber and an aeration and chemical conditioning facility along the
extension.

Charlotteburg Dam, the River Wall Dam and the reservoir are operated
and maintained in conj unction with the screening , aeration and chemical
treatment facilities downstream of the Chanlotteburg dam axis.

4.2 Mai ntenance of Dam

The area in back of River Wall Dam appears to be occasionally maintain-
ed by mowing and maintenance of the paved drainage gutter.

- 
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4.3 Maintenance of Operating Facilities

There are no operating facility for this non-overfl ow structure.

4.4 Description of any Warning System in Effect

An emergency procedure has been set up for telephonic notification
of officials in Kennel on and Butler in case any failure of the River
Wall Dam occurs.

4.5 Evaluation

The operationa l procedures are based on common sense and are carried
out by competent personnel under the supervision of an experienced
water supply organizati on. Operational and maintenance procedures
should be more formalized and documented in line with the concern
expressed recently over the safety of water impounding structures.

The warning system currently in effect should be improved and made
automatic, by actuating a warning system at the dam, at the downs tream
water treatment plant , and at the downstream comuniti es of Kinnelon
and Butler.

• 0
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S E C T I O N  5

5. HYDRAULIC / HYDROLOGIC

River Wal l Dam is a non-overfl ow structure , ancillary to Charlotte—
burg Dam. The hydrologic and hydraulic controls are at Charlotteburg
Dam , and the determi nations made for Charlotteburg Reservoir are
appl icable to River Wall Dam. The data for Charlotteburg Dam is
presented bel ow for completeness of information in Section 5.l.a and
Section 5.l.b.

a. Design Data
The Probable Maximum Flood (PMF) hydrograph for the Charlotteburg re-
servoir in this study was obtained by modifying the published PMF for
the Intake Dam on the Pequannock River. The PMF for the Macop-in Intake
Dam is published in the “Passa ic River Bas in - New Jersey and New York -
Survey Report for Wa ter Resources ”, dated June 1972, by the New York
District , Corps of Engineers as 16,100 cfs , having a drainage area of
63.7 square miles .

The Charlotteburg Dam PMF peak discharge is calculated to be 14,900 cfs
as compared wi th  21 ,000 cfs adopted in the original design of the dam.

The calculated PMF hydrograph has the following characteristics:

Peak discharge 14,900 cfs
Time of peak 47 hours

Runoff  = 19.47 inches

No reservoir routing was performed s ince the or igi nal Splllway Desi gn
Flood (SDF) is 1.4 times greater than the calculated PMF.

i_I ::i ~ iii::: ~~~~~~---~~~~~~



Accord ing to “Memorandum on Design of Charlotteburg Dam”, dated December
3, 1957 by Parsons, Brinckerhof, Hall and MacDona ld , the operating
procedure for the bascule gate is that the gate will maintain its vertical
position and impound waters to elevation 743 except in times of flood.
During a flood, the gate will remain vertical unti l an elevation between
743.5 and 744 is reached. With increasing flood waters , the reservoir
level would tend to rise above this elevation . The gate is then
automatically lowered so that the reservoir level remains between
elevation 743.5 and elevation 744 until the spiliway discharge equal s
about 11,000 cfs ; at this point, the gate is completely lowered. Should
the flood flow s increase beyond 11,000 cfs , the reservoir level would
rise until the peak of the fl ood occurs . For the design maximum pro-
bable flood of 21 ,000 cfs, the reservo ir leve l woul d ri se to a max imum
elevation of 747.1 feet. As the flood recedes, the gate will remain
in the lowered position unti l the reservoir level returns to an elevation
between 743.5 and 744 , at which time the gate will automatically start to
rise to maintain this elevation. At the end of the flood, the gate wi ll
once again be vertical and the reservoir full.

The bascule gate consists of a steel torsion cylinder extending the full
length of the spillway with steel ribs attached at intervals supporting
the plain steel skin on the upstream side. The torsion cyl inder extends
through armature plates at each end of the gate. The control mechanism
is located in the gate chamber. Seals are provided at the end and
bottom of the gate so that watertightness is obtained in the vertical
position. Electric heaters prevent freezing of the seals. The operating
mechanism and controls are hydraulically operated and consists of steel
hydraulic cylinders designed for oil pressure not less than 500 pounds
per square inch. The oil pressure pumping system consists of duplicate
motor driven oil pumps complete with pressure switches and an accumulator
sized to hold the gate in position for 24 hours after the loss of electric

4’
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power supply. W hile the gates are normally operated automatically,
controls have been provided for manual operation. Failure of oper-
ating mechanism will cause opening of the gate resulting in the
maximum spiliway capacity, if the reservoir is full at the time of
such a hypothetical failure.

In the original design , probable maximum railfal l values were taken
from Hydrometeorological Report #33 with the followi ng distributions :

Dura tion of Storm Max imum Probable Rainfall
Hours Inches
3 18.4
4 20.9
12 23.7
24 25.7

An initial loss of 0.3 inch and an infiltration loss of 0.02 inch per
hour were used to determine the runoff producing rainfall.

A one-hour unit hydrograph was derived from analysis of the records
available for the floods of October 1903, March 1936 and August 1935 for
the entire drainage area and adjusted for application to the area upstream
of the Charlotteburg Dam. However , this unit hydrograph has not been
included in the design report.

The Reservoir Inf low Hydrograph for the probable maximum flood was obtained
by applying the unit hydrograph to the maximum probabl e rainfall for the
storms of 3, 4, 12 and 24 hour durations with initial and infiltration
losses rates as mentioned earl ier. The peak discharge is 21 ,100 cfs.

The routing of the PMF through the reservoir , according to the same design
memorandum, indicates the maximum outflow through the spi liway is 20,500
cfs with the reservoir elevation at 747.1.

21 
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b. Experience Data
Records of daily reservoir stage level are maintained since the reservoir
was in opreation s ince 1961. The reservo ir wa ter level usually is lower
than 743 , with only a few occasions where the water level in the reservoir
was above 743.25. There is not any record of the water surface exceeding
el evation 744.

Stream flow records of the U.S. Geological Survey indicate that the
maximum recorded discharge over the Macop-in Intake Dam was about 6,100
cfs and occurred on October 10 1903. Charlotteburg Dam spillway was
designed to pass safely a probable maximum flood “inf low ” of 21 ,100 cfs
which is considerably greater than the 1903 flood, and the probable
maximum flood inflow of 14,900 cfs calculated in this report. The 1903
flood was the most severe of record on the Pequannock River watershed.

c. V isual Observations
No visual observat ionswere made at the River Wall Dam that would affect
the hydraulic or hydrologic computations.

d. Overtopping Potential
Since the flood inflow used in the original hydrologic and spiliway de-
sign is significantly greater than the PMF, the overtopping potential
of the River Wall Dam is extremely remote .

e. Reservoir Drawdown
The reservoir drawdown below the spiliway crest elevation 738.0, is

accomplished by permitting discharge through the 48-inch steel blowoff
pipe into the stilling basin and through the 54-inch water supply pipe
which discharges approximately 1 ,500 feet downstream at an approximate
invert elevation 670.0. Assuming drawdown to the bottom of the River
Wall on the reservoir side which corresponds to elevation 728.0, and

4 --’
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an inflow rate of 107.4 cfs (2 cfs/sq.mi.) the total drawdown time

is approximately 1.4 days. Assuming no inflow into the reservoir,

the drawdown time is reduced to approx imately 1.1 days. To drawdown
to elevation 737.0, the top of the granular fill in front of the
River Wa ll on the land or north side , the corresponding times would
be between 2 to 3 hours.

23

- ~~~~~~~ •;~
•

~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



~ - -~ ---~ —-- • -•~ -—- •~~ — -----•— — ---- —-- -- -~~-.~~- - --

S E C T I O N  6

6. STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations
The features determining the stability of a gravity dam, founded on
sand and gravel are the details designed to eliminate or to limit
seepage under the dam . Other than the normal stability criteria ,
piping, which results from uncontrolled seepage,is the most important
cause of instability -of a gravity dam. The factors which are indicative
of the susceptibility to the development of piping are the type of soil,
its permeability and non—isotropic properties, the seepage path and the
ex it gradi ent of the seepage forces.

In the case of the River Wall , an impervious blanket was placed in
the existing strearubed where the borings indicate the existence of
sand and gravel , the most susceptible soils for seepage and piping .
Elsewhere , the foundation sands and gravels are mixed with silt and
are generally overlaid by clay and silt. Such soils by their imper-
v ious and cohes ive nature reduce the pipi ng potential. The blanket
apparently has been success ful s ince there are no s igns of seepage at
the toe• of the dam. In thi s area, one large tree stump has been exten-
sively rotted out. This could result in a breach of the impervious
blanket wi th the resultant establishment of a high flow seepage path.

b. Design and Construction Data
The fol lowing information was not available from the owner:

• Design computations for the River Wall Dam section of

the reservoir complex.

24 
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• Foundation soil parameters for performing sliding and
stability analysis and seepage and piping evaluations .

• Construction data or material specifications relati ng
to the impervious blanket.

c. Operation Records
As far as i s known, the max imum reservo ir level has never reached a
level above elevation 743.4.

d. Post Construction Changes
There are no known post construction changes that affect the stability
of the dam.

e. Static Stability
A static sability analysis was performed on a gravity section at Sta.
17 -t 80 where the downstream toe is at its lowest elevation. Three
cases were analyzed and are given in Appendix E. Exce pting the
case where ice pressure was considered , the resultant always falls in
the middle third and slid ing resistance is adequate. Sliding resistance
was computed by assumi ng a value of 3Ddegrees for the granular soils and
that the soil below the top of footi ng was contributi ng passive resist-
ance. In areas where the foundation soils were silt and clay , there
is no data available to determine adhesion properties. Therefore, the
stability calculations were made to determine the adhesion values
required for a Factor of Safety of 1.5. The required values of
adhesion which were determined were quite low for all cases excepting
ice loading.

d. Seismic Stability
In general , projects location in Seismi c Zone o, 1 and 2 amy be assume d
to present no hazard from earthquake, provided the static stability
consitions are satisfactory and conventional safety margins exist.

25
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S E C T I O N  7

7. ASSESSMENT / REMEDIAL MEASURES

7.1 Dam Assessment

a. Safety
The dam has been inspected visually and a review has been made of the
availabl e engineering data. Thi s assessment is subject to the limi-
tations inherent in the visual inspection procedures stipulated by
the Corps of Engineers for Phase I Report.

• The soil stratum on which the dam is built
is competent and , in combination wi th the
impervious layer , has effectively produced a
tight headwater barrier. No signs of unusual
foundation leakage could be detected visua l ly.

• The spillway is part of the Charlotteburg Dam,
NJ 00316 for which the hydrologic investi gations
have determined that the spillway design flood
used is in excess of the PMF by about 38 percent .
(SDF 20,500 cfs; PMF 14,900 cfs).

• The stability investigations based upon
assumed soil strength parameters for normal
loading cases for the dam meets currently
acceptable stability criteria.

a t
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b. Adequacy of Information
At present , there is not enough information available from the owner
to fully evaluate the safety of the River Wall Dam. Required infor-
mation is the foundation soils strength parameters used to determine
the dam’s stability. Otherwi se, the information availabl e at this
report writing is adequate for formulating the assement made above.

c. Urgency
The study to determine the cause of horizontal mi salignment at approx-
imate Sta. 16 + 50 and to find out if there is any correlation between
the mi salignment and the joint leakage should be undertaken and com-
pleted within 6 months. Similarly, the foundation soils data should
be developed within 6 months.

d. Necessity for Further Investi gations
From the standpoint of dam safety wi th regard to the adequacy of the
hydrologic design data used and the procedure and methodology in den -
ving the spiliway design floods , routing of the PMF and the capability
of the flood discharge structures , the River Wall Dam is safe from
overtopping due to a probable maximum flood inflow into the reservoir.

Since the Charlotteburg Dam has a hydrologic capability which exceeds
that required by the Corps , i t  is our opinion that the hydrologic risk
failure of the River Wall as a result of overtopping is extremely minimal .

The owner should provide data on the foundation soil strength parameters.

- ,
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7.2 Remedial Measures

a. Recommended Action
The cause of the monol ith misalignment and the joint leakage should
be determined and corrected.

b. 0 & M Procedures
The owner should initiate the followi ng programs ;

• An annual inspection of the dam utilizing a visual
check l i s t  s i m i l a r  to that used in this inspection
repor t.

• Set up a maintenance schedule and log all visits to
the dam for operation, repairs and maintenance.

• Survey seepage and leakage at monoliths and mono-
lith joints .

• Surveys of concrete surfaces for surface deter-
ioration and/or cracking.

• Remove all brush and scrub trees at the ri verward
face of the wall to prevent undermining of footing.

- - 
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RIVER WALL DAM

— A

__5 *5—
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Photo 1 - Vie~1 of reservoir side of wall from right embankment; wa ter
level at 741.5 (Photo taken May 1 , 1978)

• -

Photo 2 - View of reservoir side of wall from top of right end of wal l ;
water level at 73L5. Riprap protection for impervious
blanket can also be seen (Photo taken August 3, 1978)
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R I V E R  WALL DAM
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Photo 3 - View of north side of wall taken from right abutment- White
spots on face of wall are seepage areas. Dra inage ditch ,
abandoned tracks , and Route 23 can also be seen ( Photo
taken May 1 , 1978)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Photo 4 - View of stone
paved drainage
d i t ch  on north
side of wall
(Photo taken
August 3, 1978).
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RIVER WALL DAM

Photo 5 - View of reservoir taken from atop of wal l. (Photo taken
August 3, 1978). 
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Photo 6 - View of reservoir side of gravity wall looking east from
crib wall , showing heavy veaetati on growth (Photo taken
August 3, 1978).

-.5 - — ——  -.5 -- - - - -~~~~~~~ - .~~-- —- -_ - ~~~~~~~~~~~~~~~ 



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~

RIVER WALL DAM

Photo 7 - View of crib wall and embankment from grav i ty  wall. Heavy
vegetation on rivet-ward side of wall can also be seen.
(Photo taken August 3, 1978).
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Photo 8 - View of embankment behind crib wal l .  (Photo taken
August  3, 1978).
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RIVER WALL DAM

4

I ‘ 5

-C

.4

Photo 9 - Vi ew of c r i b  wall connect ion  with rock fi ll left embankment
taken from river bank. (Photo taken August 3, 1978).

41 Photo 10 - View of one of
shrinkage cracks
on reservoir face
of wall. (Photo
taken August 3,
1978) ,

_ _ _
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RIVER WALL DAM

Photo 11 - Close up view of
shrinkage crack on

- - north side of wall
- 

- showing leaching.
(Photo taken
August 3, 1978).
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Photo 12 - Close up view of : -;

leaking monoli th k, 
____joint on north , ~-

side face of w a l l  - 
- 

- -

(Photo taken on - 
____
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RIVER WALL DAM
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Photo 13 - View of top of wall looking west showing horizonta l misalignment
of monolith. (Photo taken August 3, 1978).
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1
CHECK LIST

HYDROLOGIC AND HYDRAULIC DATA
ENGI NEERING DATA

Name of Dam: RIVER WALL DAM

Drainage Area Characteristics: On Pequannock River wi th drainage area of
56.3 square miles

Elevati on Top Normal Pool (Storage Capacity): 743

Elevation Top Flood Control Pool (Storage Capacity): Not provided

Elevation Maximum Design Pool : 748

Elevat ion Top Dam: 
— 

750 (Length = 2,020 feet) 
-

SPILLWAY CREST: NOT APPLICABLE

a. Eleva tion 
________________________________________________________

b. Type 
-

c. Width -

d. Length 
_____________________________________________________________

e. Location Spillover 
_______________________ _________________________

f. No. and Type of Gates 
—

OUTLET WORK: NOT AP PLI CABLE
a. Type 

________________________________________________________

b. Locati on _________________________________________________________
c. Entrance Inverts 

___________________________________________________

d. Exi t Inverts 
_______________________________________________________

e. Emergency Draindown Facilities ____________________________________

HYDROMETEOROLOGI CAL GAGES :
a. Type USGS gaging statjp n 3B25 0 Water 1ev~] recorder
b. Location Pequannock River at Macopin Intake Dam (8000 ft. fron1

c. Records January 1898 to current year Charlotteburg)

MAXIMUM NON—DAMAGING DISCHARGE Not applicable

Note : See Sheet 2 for Charlotteburg Dam , NJ 00316 Check List
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2
CHECK LIST

HYDROLOGIC AND HYDRAULIC DATA
ENGINEERING DATA

Name of Dam: CHARLOTTEBURG DAM

Drainage Area Characteristics : On Pequannock Ri ver with drainage area of
- 

56.3 square miles
Elevation Top Normal Pool (Storage Capacity): 743

Elevation Top Flood Control Pool (Storage Capacity): Not provided

Elevation Maximum Design Pool: 748

Elevati on Top Dam: 750 (Length = 675 ft.) 
—

SPILLWAY CREST: 
-‘

a. Elevati on 138
b. Type Concrete overfl ow, ogee we ir wi th bascule gate
c. Width Bascule gate -is 5 feet total width

d. Length 200 ft.
e. Location Spillover Center of gravity dam - 

-

f. No. and Type of Gates One bascule gate 5 ft. by 200 ft.

OUTLET WORK :
a. Type 48°Ø steel pi pe blow off and one 54UØ steel pipe for water supply 

- I
b Location Gate chamber on left abutment next to spiliway crest

c. Entrance Inverts 675.0

d. Exi t Inverts 674 0 
—

e. Emergency Draindown Facilities 48-inch steel pipe blcM-off line wi th
30—inch hollow cone valve discharging into still -I ngbas-i n

HYDROMETEOROLOGICAL GAGES :

a. Type USGS gaging station 3825.M Water level recorder

b. Location Pequannock Ri ver at Macopin Intake Dam (8000 ft. from Char-
c. Records January 1898 to current year lotteburg

MAXIM UM NON-DAMAGING DISCHARGE Not avai lable

‘
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APPEN DIX

HYDROLOGIC COMPUTATION
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* * * *4 *  * * * * * 4*  * 4 * $4 * * * * * 4 * 4 * * 4 4 4*  * *4*  -~ * * * * * * * * * * * * * * * * * * *4  * * * * * * * * * *4  * * * * * *

~(LS~~~VO I~( ELEVATION WENT Ui~fjER MINIMJM I4ATERSURFACE LLEVA 1jU~
• AF1E-R 11 DAYS AND 12 HOURS

TJ IAL 1I’~FLO~ VULUFIE 0. ACFT

• TUIA L UI~ C~1AHUE VOLUME 
- 

- 73~ 9, 
ACFT

• M~~~~~Jt1 NATEr~ &uRFi~CE ELEVATiON 13&.00 Ft

• —  - -

MMXIhUIi OIS~..IiAK~,E THI~U DIVERSiON CONOUIT 5 19. Cl-S

MAALrIU~ TOV AL iNFLOW 0. CfS
MAXIIbIUrJI TOTAL. CLSCHMgGE 533. Cl-S

•
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FL~)OU RUur Il~jG SIUUY 24
* *4* ** * * *  ~~~*I***~~i***

PAI ’E

LP1I~l.L1.TT Lf luRG DA n RESERVOIR LIRAL~DOW M STUDY (DA 5~~.7 SQ~ MI.)) , 

~~
.-—••-—- --

1.UOuO LJIJRLDULATED DIVERSION COI’JDUIT AT [LEV 679.5~ 
FT

* 

M.\X1MUr~, OPERATION LEVEL Al CLEV 736.00 FT (FROM OPLIIAT :
MINIMUM oF’ERATACr-J LEVE L hT ELEV 679.50 FT

RUUTIIIIG STARTS AT ELEV 73c.0o Fl, ENDS AT ELEV 679.50 Fl

P1
MAIi~ UVERl-LUW

1IM1 uvb ,1NFL UW RESERVOIR ~.L SP~ LLWAY SPILLWAY Outlet
P1 - • DI SCHARGE DISCHARGE DISCHARGE

OAT tI~ - 
CFS FT CFS CFS CFS

P1
U 768,00

1

U 12 
• 

734 ,52 0. 0. 522 .
107.

1. U • 
733 ,13 0, 0. 510.

P1 107.
1 12 727 ,o5 0,  0. 4397 ,

107 ,
2 U 724.66 0. 0.

11,7.
2 12 723,56 0. o.

P1 1u1. . -

5 U 718,60 0. 0. 459.
1-07.

12 715,75 0. 0. I41314,

107.
4 0 7.13,02 t,, Q. ‘42 9 .

107,
‘4 12 716. 41 0. 0. ~ê14 .

107 .
• U 707 ,92 0. U. 40 U .

* J O ? .
5 12 705 ,55 0. LI. 38 .

• 10? .
6 U 703 ,28 0 , U. 573 .

10 7,
• b 12 701. 1+ 0. a. ~,b9.

3 1)7•
1 u ~~~~~~~~~~~~~~~~~ I., . -

• . 10
_
I .

1 12 691,20 0 , U. 535.
107.

• 
b U 695.36 a. (

~. 324 ,
107.

8 12 693.hl o., 0. 312.
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• *-~~****** * $**** ****
P1 PAC ,I

OVERFL OW
• ii’i~ A . 1 ~JI-LO~ RESERVOIR EL SPLLL~ A Y SP I LLW A Y Outlet

D1~~CI-IAR6L L)ISCHAKGL DISCHARGE

• DAY CFS Fl L.FS CF~ CFS

lui .
• 9 U 691,98 0 . o. 296.

.1 0 1.
9 12 690 .149 0-. 0. 27o .$ .107.

lU 0 689 ,15 0 . 0. 259-i
107 .$ LU 14 667,97 (p , 0. 2 140 .
107.

ii a 666.54 0. 0. 222 .P1 l u ?.  -
11 12 6c%~~,05 0 . 0. 206 ,

t o ? ,
$ 1.2 U 685, 50 Ii, 0.

~07 .
- 

6~i.+,66 0. o. 177.P1 IL)?.
15 U 68’+,14 0, U. 1(5,

107,
P1 is - 633.70 0. 0. 155.

107. 
-

14 0 
- 683.34 0, • 0’ - 1’4 6.P1

- 
114 12 b85 ,Ut + ci . U. 139.107 ,

P1 15 (1 682,79 0, 0. 1514 .
- 

10_/.
15 12 682,59 0. 0. 123.

107.
lb 0 682, 145 0, 0.

107,$ 18 12 682.29 0. a. 122.
107.

1_I La 682,18 0, 0. 119.P1 107,
IF  .L~ 682 .09 0, 0• 117,

107 ,
P1 18 U - 682.02 0. 0. 115.

J u l .
18 .12 683 .96 0. 0. 113.P L U 7 .
19 u (a~~l,91 3. O s 112.

107,
~ 19 12 6B1,U7 0, 0. 111.

107.
U bbl.8’# 0. 0. 111.
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FLOOD ROUIII IG STUDY 26
** 4* *4 *4 *  $*********

PA GE

IIAIN UVL RFLUVJ
T 1~~ AVS.LMFLOW RF.SEP:O1R EL sr~LLuA-r SPILLWAY Outlet

O~~ C,4ARGL UISCIIjKUL UISCHARGC.

DAT H~ U-S FT CFS Cl-S CFS

107,
12 681,81 0. 0. 1.10.

107.
21 a) 681 ,79 0. 0. 109.

107.
12 661,76 0, 0. 109,

1107.
661,76 0, u .  109 .

10_F.
22 12 681,75 0. 0. 1UÔ .

1.37.
25 0 661~~714 0. ~~~‘ 108.

107,
25 12 631,75 0. 0. 106.

107,
24 0 681.73 0. 0. 108,

107 ,
24 12 681,72 0, 0. 100.

10 -I .
25 0 681,72 0. 0’ 107.

101 .
25 l~ 81,71 0. 0. 107 .

I 
• - 

107. - 
-

c1, 681,71 0. 0. 107.
107,

26 12 681,71 0. 0. 107.
107.

27 U 681,71 0, 0. 107,
10_I.

27 1~ 681,71 0. (1. 107.
1.37.

0 b81,70 0. U. 107,
101.

28 1€ . 681,/0 0. 0. 107.
107, -

U 681,10 o. 0. 107.
107.

29 (81.70 0. U. 107.
107,

681..7U 0. U. . 0 7 .
107,

50 12 661,70 U, 0. 107.
107.

~
) 51 0 681,70 0. 0’ 107.

107.
12 681,70 0. 0. 107.
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FLO3O NU U ILI~(, StU DY 27
*4  4 4* *41*4 * 4 4

PAGE

~1A I;~ OV ERFLOW o ti t *T I l L A . I-~JFLQ~ RESERVOIR EL SPILL WA y SPILLWAY u e
DLSCHARG [ 1IISCHA MbL UISCHARb(

UuT H’t CFS FT CFS Cl-S Cl-S

107 .
52 u - (81.70 0, 0. 107.

107.
52 12 681,70 o. o s  107.

l~~7.ii 0 681,70 0. a. 197.
107,

12 681,70 0. 0. 107.
101 ,

0 681,70 0. 0. 10/ ,107,
6L11,70 0. U. 107.

107,
0 681.70 U. 0. 107.

1.07, 
-12 681,70 0, 0. 1u7.107,

So 0 681,70 0. U, 1u7 ,
107.

12 681.70 0, U.
101. 

-SI U 
- 

681,10 0, 0. 1u7,
107,

sI 12 681,70 0. 0. 107,
137 ,

56 U 681,70 o. (I. 107,
107,

58 12 681.70 0. 0. 107,
107.

59 0 681,70 0. u. 107.107.
59 1� 681.70 0, 0. 107.10•7 .

U 681, /0 0, 0. 107,
107,

“U 12 681,70 0. 0. 107.
107.

‘41 U 681,70 0. 0. 107.
107.

141 12 681,70 0, 3. lut,
107 ,

‘+2 0 681.70 0. 0. 107.
107,

‘.2 12 6b1,70 u, 
~~~. 1u7.

101 .
I.
~ 

683.70 0. 0. ALIt,
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FLU’)O HOJI IrJG STUDY 28

PAG E
- I’~A IH OVERFLOW

A . - ~ I~ FLU~1 R~ S~~(vQja~ EL SI-ILL~~~Y 
SId LLLW AY Outlet -

DiSCHARGE DISCHARGE UISC,~AR GE
HR ~FS Fr CFS LFS C~ S

107.
12 6o1,7U 0. 0. 107.

107.
681.7’) 0. 0. 1117.

101.
12 681,70 0, 0’ 1u7.

107. 
- -

145 0 
- 6 1 ,70 0, o. 107.

107.
12 681,70 U. 3.

101.
141’ (3 6c$j . ,70 0 . 0. 11)7.

107,
‘+6 12 681,70 0, U• Jul .

lu(,
- *1 U 631 ,70 0, 0. ~U7.

107.
47 12 651,70 0. u. 1o7.

0 661.70 0, 0. loT ,
107.

12 681,70 0. 0. 1u7,
107,

0 
• 

681,70 I) . 0. lti7,

e,b1.70 o. u. 107.
1u7.

30 0 68 1.70 0. 0. 107.

TOtA L ~~,JFL)~~ ‘WJLaE1L 11091.. A C FT
T OtAL i’LSCt1Ak~..L vOLUrII 18137. AC FT

M.~X1r1-J~ WAT :R JJ tFACC LLL %~ATIO;J 738,oO FT

•1~ /~IrIur.~ UU,C A(~~L TIMU O1VC.~SIO;1 CJ~4ou~~r .22. Cl-S

•‘IAXI’IUF; T 3TA L INI:LOW 107. C IS
MM XIlUF~ I3T1. L L)L~~CU ARG E 5~ 3. Cl-S
- 

~~- 
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